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Preface 
The repo r t  covers the f i r s t  season's research ( r a b i  1974/5) 
c a r r i e d  out  a t  ICRISP,T on chickpea physiology. Much o f  t he  work 
repor ted here was p re l im inary  ,>nd should he lp  t o  provide background 
in fa rmat ion  f o r  f u t u r e  i nves t i ga t i ons .  
An off-season crop was grown i n  the Lahaul Val ley,  Htmachal 
Pradesh from May t o  October 1975 and i n  the r a b i  season 1975/6 f i e l d  
experiments a re  being c a r r i e d  ou t  both a t  the ICKISAT s i t e ,  Hyderabad 
and a t  Hissar,  Haryana. The r e s u l t s  of t h i s  work w i l l  be presented 
i n  our 1975/6 repor t .  
A comprehensive anatomical study o f  chickpeas was begun i n  
1975 and i s  cont inu ing;  the r e s u l t s  w i  11 be presented separately and 
sys temat ica l l y  w i t h i n  a year o r  two. 
This r e p o r t  i s  n o t  i n  any way a formal pub l i ca t i on  o r  an 
o f f i c i a l  document o f  t h e  I n s t i t u t e .  It i s  intended f o r  l i m i t e d  
c i r c u l a t i o n  o n l y  and should no t  be c i t ed .  
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H I  = Harvest Index , Grain Dry Ideight Total  P lant  Dry Weight a t  Harvest loo 
LA1 = Lezf P t r m  Index T q t a l  Leaf Area o f  Crop Ground nrea Occupied hy Crop 
LAD = Leaf Ar2a Duration = Sum o f  I&ekly Averaqe LA1 throuqhout tha Growing Season. 
NAX = Net Ass imi la t ion  Rats - Dry Weight gained i n  t ime t p - t i   
Average Leaf Area dur ing t 2 - t l  
CGR = Crop Growth Rate - Dr.y Weight gained by Un i t  Area o f  C r 9 ~  i n  Un i t  Time. 
RGR = Rela t ive  Growth Rate = Increase i n  Dry Igeightin t ime t2-ti 
dry  \.leight a t  t ime tl 
SLW = Spec i f ic  Leaf Weight = Leaf Dry Wcight Leaf Area 
CHAPTER I 
mE ANALYSIS OF GROWTH AND Y I E L D  
The ob j ec t i ve s  of growth a n a l y s i s  a r e  t o  understand t h e  growth and 
development of t he  crop througho.:t thc: ~ ~ e r i o d  of crop firowth a d  a l s o  
t o  i d e n t i f y  and understend t he  differences between c u l t i v a r s .  I n  p r a c t i c a l  
terms, ttlr former could hel;, i n  undzrstnnJing,  improving and developinq 
c u l t u r a l  p r a c t i c e s  which incrcl lsc  t he  y i e l d  2er  u n i t  a r e a ;  tho l a t t e r  
could be of va lue  f o r  v a r i ~ t a l  improvement by breeding. 
I n  t he  r a b i  season 197415 the  growth and development of f i v e  
c u l t i v a r s  of d i f f e r e n t  du ra t i on  and p l a n t  type were invest igatet i  using 
t he  methods of growth ana ly s i s .  The n i t rogen  conten t  of t he  var ious  
components of t he  p l a n t s  throuahout the  crowing period was a l s o  determined. 
A t  t he  time of ha rves t  t h e  y i e l d  and y i e l d  components were recorded i n  
d e t a i l .  In  add i t i on ,  non-destruct ive observa t ions  were made on s e l ~ c t e d  
 plant^ a t  weekly i n t e r v a l s  throughout t he  growing season, and the6e 
p l a n t s  were a l s o  photo~raphed  r e ~ u l a r l y .  
The purpose of these  c>bservations was t o  bu i l d  up a body of q u ~ n t i -  
t a t i v e  information which should provide a foundat ion f o r  our  f u t u r e  work 
on the  physiolozy of the  cron. 
Me th-ds 
Three e a r l y  c u l t i v a r s  (JG-62, BEG-482 and Chaffa) , two mid-late  
(&j0-3/27 and L-550) and two l a t e  c u l t i v a r s  (T-3 and G-130) were used. 
cv L-550 is a " ~ a b u l i "  and t he  o the r s  a r e  "desi" types. JG-62 is a 
"double-podcled" c u l t i v a r  , 
They werc sown on black s o i l  i n  t he  ST-1 a r ea  of the  F a n  nr, 
1-10-1974. The s o i l  had been l e f t  fa l low during t he  monsoon season. 
Befcre sowing,ZnSOq (45 kg/ha) end ~ h o s p h a t e  (50 ke/hs a s  P205) were 
broadcast  8nd inc9ryorated by t r a c t o r .  No nitrogenous f e r t i l i z e r s  were 
used and t he  crcp waa not  i r r i g a t e d  a t  any s t age .  
P lo t  ~ i z e r s  were 6 x 8 M and plant- to-plant  s;..zcings 3') x 10 cm. 
Sowing was done by hand a t  a  depth of  5 cm i n  furrows gpened immediately 
b e f ~ r e h a n d  by t r a c t o r .  Two seeds were sown per  h i l l  and l a t e r  thc 
seed l ings  were th i~ lned  out  t o  one plan t  per h i l l .  A Randomized Block 
design was used with two r e p l i c a t i o n s .  
B?th de s t ruc t i ve  and non-destructiva arowth a n ~ l y s i s  were performed 
on cvs JG-62, 850-3/27, L-550, T-3 and C-130. For de s t ruc t i ve  growth 
ana ly s i s  f i v e  p l an t s  with average prnwtli werc sanplod n t  weekly i n t e r v a l s .  
The p l a n t s  werc separated i n t ?  t h e i r  component p a r t s  i . e . ,  plnnae. 
s t i p u l e s ,  r a ch i s ,  stem acd a t  l a t e r  s t ages  of growth i n t o  flowers and 
pods. In  e a r l y  s t ages  of gr3wth t he  -)??ilae were biueprinted f o r  
recording t h e i r  a rea ;  a t  l a t e r  s t ages  of growth t he  s lnnz  a r ea  was 
recorded by an Automatic Area Meter Model IUM 7 ,  Hayashi Denkah Co.,Ltd. 
Leaf a r ea  was recorded on a l l  f i v e  p l an t s  i n  two r e p l i c a t e s .  P lan t  
he igh t ,  number of branches, number of a c t i v c  m d  senescent' l eaves  and 
number of f l owa~sand  pods were recorded. The d i f f e r e n t  comFonents were 
d r i ed  i n  an oven a t  8 0 " ~  ant1 the dry weights ware taken. These samples 
were then cround t o  powder and analysed i n  t h e  Central  An.dytica1 Laboratow 
(Sect ion Heed: D r .  R. Jambunathan) by M r .  G. Favi Kumar 
f o r  percentage n i t r ~ ~ c n  o n t m t  by Che nacre-. ~ n d  micro-Kjfjeldahl 
rnetho.1. 
Sim!~ltaneously 3 rton.-b!cstructioc. srowth a n a l y s i s  was pcrfcrmed on 
t e n  s-?lc.r,teCl p lanto  wcr.k by s r c ~ k .  Tt:e h ~ i i h t ,  Lranch nurnlwr, hrnnch 
lani;th, uumbzr of lusves on thc m n t h c r  shoot  nnd br-mches, potl i t iqn of 
f i r* : t  f l 1 ) w z r  arid . ~ o s i t i o n  of f i r ~ t  * ) t , c l  wcro a l l  roccrded.  Bisr.--ekly 
ph l t q q r i ~ : % h n  were tnk:n -f three o l n n t v  iil c.nch r e r > l l c . ~ t e  rlf a l l  t h e  
cul t i v r t s  t 7  rec: ~ r d  tho rn~~rph 11 , L ~ L P - ? ~ -  c:l~n,,es i n  cro;, croslth with 
~ l v n n c i n p  aPe. 
The an~lysin of yieli! and i t s  component3 was car r ie t l  o u t  I>ranchwise. 
Ench sample consisted af 100 pl:*nts which were uprooted from e ~ c h  plot; 
thus  twci rcy)l icate sn?s>les  wera obtained f o r  each c u l t i v a r  . Ei.:,nts were 
separa ted  from the res t  of the  ~ l . s n t  a t  t he  cioint of 1nserti .m cf t he  
cotgle3cms: p - d s  were oc?arnted branchwise and were cqunted and weighed 
a f t e r  dry ing  i n  an oven a t  80°C. They ware threshed and sccd nm.ber and 
seed w~ip ,h t  were recorded. The num?>er of seeds  pe r  pod and 100 seed 
1,reigk.t were ca l cu la t ed  from these r e s u l t s .  
1. ANALYSIS OF GROWTH 
Results  
A. Morphoiogical Observations 
Branches 
The number of primary, secondary and higher order  branches was 
counted i n  103 plan t s  frgm cact; plo t  st tke  time of harves t ,  The average 
branch num13era p s r  plailt  are shown i n  T4blta 1, (The pcd numbers and 
y i e l d  on thcsc branches were a l so  recorded: see  Fig. 6 ) .  
Table I. Numher of Primary, Secondary and Ter t i a ry  branches 
per p lan t  a t  the time of harvest  (Average of 200 plants)  
r Primary Secondary Ter t i a ry  Quaternary Tota l  
Cul t i v a r  branches branches branches branches 
JG-62 5 . 2  2 . 7  0 .1  - 9.0 
BEG-482 4 .I 7 . 5  3 . 9  0 . 1 3  1 5 . 6  
Chaff a 4 . 5  5 .5  0 . 5  - 1 0 . 5  
850-3/27 3 .7  3 . 9  0 . 2  - 7.8 
L-550 4.1 7.3 1.7 0 -01 13 .1  
T-3 3.8 5 . 3  1.3 - 10.4 
3 .6  5 . 8  2 . 3  0 . 1 3  1 1 . 8  
-5 - 
There was no apparent: re la t ionship  between the  numbers of primary 
and secondary branches. Thus JG-62 had most primary branches but  fewest 
secondary; 850-3/27 had approxinately equal numbers of primary and 
secondary branches, while thz r e ~ n i n i n g  c u l t i v a r s  had more secondary 
then primary branches. 
On the  other hand the re  was a general. tendency f o r  c u l t i v a r s  with 
more seccndary brznches to produc;: mare t e r t i a r y  and higher ordar bran- 
ches. This is indic:?ted by the  d n t ~  f o r  cvs REG-482, L-550 and C--130. 
These c u l t i v a r s  a r c  of ea r ly ,  medium 2nd l a t e  maturi ty respect ively .  The 
g rea te r  production of branches is therefore  not simply explicable i n  
terms of the l ~ n g t h  of the vegeta t ive  phase; i n  f a c t  the maximum number 
of socondary and higher order branches were produced by BEG-482 which 
had one of the  s h o r t e s t  vegeta t ive  phases. 
Leaves 
The production of nsw leaves on the mother shoots and branches took 
! 
place a t  a more or  l e s s  constant  r a t e  throughout the  vegeta t ive  phase 
and during the  e a r l i e r  por t  of the  reproductive phase. Data showing 
the  number of nodes on the mother shoots of cvs JG-62, 850-3127, L-550, 
T-3 and G-130 a r e  shown i n  Fig. 1. Only i n  the  l a t t e r  two, which a r e  
la te-matur ing,  d id  the  growth of the  rnother shoots continue up to  the 
time of harves t .  
The r a t e  of appearance of new leav2s was ra the r  higher i n  JG-62 
than i n  o ther  c u l t i v a r s ,  During the  period frcm 20 t o  60 days a f t e r  
sowing the average number of days between the successive appearance o f  
new leaves (I.@., the plastochron) f o r  the d i f fe ren t  cu l t iva r s  was as  
follows: 
JG-6 2 2.1 days 
850-3127 2 ,3  days 
L-550 2.5 days 
T-3 2.4  days 
6-130 2.5 days 
In  Fig. 1 the t o t a l  number of  ac t ive  ( i . e , ,  green)  leave^ per plant  
is a l s o  shown. In cvs JG-62, 850-3/27 and L-550 the decline i n  t o t a l  
leaf  number per plant ,  owing t o  the senescence and f a l l i n g  of leaves,  
began a t  around the time tha t  the growth of the mother shoots ceased. 
But i n  the l a t e  cu l t iva r s  T-3 and G-130 a net  decline i n  leaf number 
took place while new leaves were s t i l l  being formed. 
Data on the leaf area index (IAI) throughout the g r m h  7eriod a r e  
shown i n  Fig.2 and a t  the time of flowering i n  Table 2 .  Not surprisingly,  
the longer the vegetat ive phase, the greater  the LA1 which had been reached 
by the time of flowering. In a l l  cu l t iva r s  the maximum LA1 was achieved 
a f t e r  flowering (Fig. 2 ;  Table 2) but i n  the l a t e  cu l t iva r s  the LA1 
began t o  decline 1-2 weeks a f t e r  flowerinp whereas i n  the other cu l t iva r s  
t h i s  decline began 3-4 weeks a f t e r  flowering. 
The l ea f  area  durations (LAD) were re la ted  t o  the duration of 
growth of the di f fe ren t  cu l t iva r s .  LAD wne l e a s t  i n  JG-62 and most i n  
T-3 (Table 3) .  
FIGURE 1 
CHANGE WITH TIME Of NODE NUMBER ON MAIN STEM AND TOTAL 
ACTIVE lEAf  NUMBER PER PLANT 
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Table 2. Leaf Area Index (MI) a t  the time of 
flowering and a t  the time of maximum LA1 
AT FLOWERING M A X I  M U M  
Culrivar ' Days a f t e r  LA1 Days Days LA1 Days 
sowing. a f t e r  a f t e r  to  
s w i n g  flowering hnrves t 
JG-6 2 51 0.6 7 2 + 21 2 .1  100 
850-3127 5 8 1.1 7 9 + 2 1  2.9 107 
L-550 58 0.9 SS + 27 2.4 107 
T-3 72 2.4 7 9 + 7 2.7 121 
G-130 72 1.6 85 + 13 2.7 121 ! 
Table 3. Leaf Area Duration (LAD) of different 
cul t ivars  . 
Cult  ivar LAD (Weeks) 
JG-6 2 9.8 
L-550 14.4 
850-3/27 16.3 
G-130 16.0 
T-3 19.4 
i 
In  a l l  cu l t iva r s  the mean spec i f i c  leaf weight (SLW) of the 
I 
green leaves showed an increase during the reproductive phase followed 
by a f a l l  (Flg. 3) , Around the time of flowering a l l  f i v e  cu l t iva r s  
had a s i s i l a r  SLW (4.0 - 4.4 mglcm2). 
In  a l l  cu l t iva r s  the r e l a t i v e  weights of the raches and pinnae 
changed during development; the rachis  t o  pinno r a t i o  f e l l  a f t e r  the 
f i r s t  30 days and then remained more or lcs's steady u n t i l  the l a t e r  
pa r t  of the reprodactive phase when there was a steep r i s e  i n  t h i s  
r a t i o  (Fig. 4) . 
The cu l t iva r s  d i f fered i n  t h e i r  rachis  : pinna r a t i o s .  This  r a t i o  
was generally highest i n  cv L-550 and lowest i n  cv 050-3127. The r i s e  
i n  the rachis : pinna r a t i o  towards the end of the reproductive phase 
is  largely explicable i n  t e rns  of the  f a l l  of pinnae from senescent leaves. 
Most of the raches of such leaves remained attached t o  the plants.  
B. Dry Matter Production 
The progressive accunulation of dry matter with time i n  cvs JG-62, 
850-3127, L-550, T-3 and G-130 and the d i s t r ibu t ion  of t h i s  dry matter 
between stems, leaves and reproductive s t ructures  is shown i n  big.5. 
The pa t t e rn  of dry matter accumulation follows the familiar  form 
of growth curves; slow growth in j . t i a l ly ,  a "grand period" of more rapid 
growth and then a slowing down nnd cessation of growth. 
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FIGURE 5 
DRY MATTER IN LEAVES (1) STEMS ( 5 )  AND REPRODUCTIVE 
STRUCTURES (R) 
The amount of dry matter at the time of flowering was related 
I 
to the length of the pre-flowering period. The percentage of the 
total dry weight at the time of harvest which was added after flowerins 
was greatest in the early cultivar JG-62, less in the mid-duration 
cultivare (850-3127 and L-550) and least in the late cultivars (T-3 and 
G-130) (Table 4). 
The dry matter pr~duction per day W R ~  highest in the nid-duration 
and lowest in the late-duration cultivars (Table 4). 
Table 4. Total Dry Weight Per Plant at Different Stages 
of Growth. 
At A t  Dry might Pod weight Total dry weighl 
flower- hervest at harvest as % of dry added per day 
Cultivar inq (8) added after weight throughout crop 
(8) flowering added after growth (mglday) 
( X I  flowering . 
-10- 
Lerves 
The l eaves  accounted f o r  most nf t h e  dry weight of t h e  p l a n t s  
during the  vege ta t ivc  phase and duriny: t h e  e a r l i e r  p a r t  of t h e  repro- 
duct ive  ?nose. Thereaf te r  l e a f - f a l l  besen an? t h e  leaves  made up a 
s m l l c r  and smal ler  proport ion of t he  t o t a l  dry w e i ~ h t  (Fig. 5 ) .  The 
p a t t e r n  of r i s e  and f a l l  i n  laaf d ry  r ~ e i p h t  i s  very similar t o  t h e  
c h a n ~ e  wi th  t i n e  cf LA1 (Fig. 2) and leaf nunher pzr p l a n t  (Fig. 1 ) .  
Stems 
Rouqhly s t h i r d  of t o t a l  dry  weight of t he  p l a n t s  was made up by 
t h e  atems u n t i l  about t h e  middle of t h e  reproduct ive  phase. In  t h e  
e a r l y  and mid-duration c u l t i v a r s  t h i s  propor t ion  dec l ined  t o  18-25% 
of t he  t o t a l  (Table 5 ) .  I n  t he  e e r l y  and medium-duration c u l t i v a r a  t h e r e  
was also an abso lu t e  d e c l i n e  i n  stem weight p r i o r  t o  ha rves t  (Table 6). 
Table 5. Stem weight as percentage of t o t a l  dry  weight. 
Stem weight ae  X of t o t a l  dry weight 
72 days At time of A t  t ime of  
Cul t i v a r  a f t e r  maximum l e a f  ha rves t  . 
sawing. weight.  
JG-6 2 37 36 18 
850-3/27 34 3 1  24 
L-550 3 9 34 2 5 
T-3 35 32 27 
0190 35 36 32 
Table 6. Decline i n  stem weight prior t o  harvest. 
f A t  the time of harvest there was a considerable difference between 
c d t i v a r s  i n  the re la t ive  weights of main stems, primary, secondary and 
higher-order branches (Table 7 ) .  
Maximum Stem Pod Decrease in  
Variety stem weight a t  weight a t  stem weight 
weight. barvest. harvest. Pod weight 
a t  harvest. 
~ ~ 6 2  1.8 1.4 5 .7  7 .o 
L-550 3.3 2.8 6.6 7.6 
850-3/27 2 .6  1 .6  4 . 8  20.8 
G-130 3.1 3.1 5.4 0 
T- 3 2.5 2.5 5 . 4  0 
Table 7 .  Average dry weights of main sterns m d  branches 
of different orders a t  the time of harvest, 
3 
Dry weight per plant Main stem I Cultivar Main Primary Secondary(Biertinry Total as I of 
I stem branches branches branches to ta l .  
The highest  percentage contribution of the main stem was found i n  
JG-62 and the lowest i n  BEG-482. These di f ferences  were roughly re la ted  
t o  the number of branches per p lant  (Table 1)  but there  was no very 
c lose  agreement between tota;l number of branches, o r  even number of 
primary brenches, and the  r e l a t i v e  contribution of branches and main 
stems t o  t o t a l  stem weight; t h i s  is because of d i f ferences  i n  the  average 
weights of the  branches. 
Reproductive St ructures  
I n  tho e a r l y  and mid-duration c u l t i v a r s  the reproductive s t ruc tu res  
flowers p lus  
( i .e .Lpods  plus  pedicels and pedimcles) made up a very small proportion 
of the  t o t a l  dry weight f o r  the f i r s t  2-3 weeks a f t e r  flowering, but i n  
t h e  l a t e  c u l t i v a r s  (T-3 and G-130) the re  was a more rapid  growth of the 
reproductive s t r u c t u r e s  (Fig.5). I n  a l l  c u l t i v a r s  a f t e r  about the  f i r a t  
th ree  weeks of the  reproductive period the  majori ty of the  pods had 
already been formed (Fig. 2) . Most of the  dry matter  i n  the  reproductive 
s t r u c t u r e s  wze accumulated i n  the  l a t t e r  hal f  of the  reproductive period 
a s  n r e s u l t  of the  growth of the ex i s t ing  pods. 
By t h e  time of harves t  i n  a l l  c u l t i v a r s  the  pods made up the  
majori ty of the  weight of the p lants .  
The proportion of the  dry matter  accumulated by the  p lan t s  a f t e r  
flowering which was par t i t ioned in to  the  pods was between 90 and 100% 
i n  the  late-duration c u l t i v e r s  and 62-822 i n  t h e  o the r s  (Table 4).  
These f i g u r e s  r e f e r  only t o  the n e t  dry weight of the  p lan t s  and do not  
t ake  i n t o  account the  dry matter l o s t  a s  a result of l e a f - f a l l ;  t he  
percentage8 would be lower i f  corrected f o r  l e a f - f a l l ,  but  a t  preeeat  
we do not have t h e  da ta  necessary f o r  making thie correction.  
Results  
The h ighes t  y i e l d  per  u n i t  a rea  was given by cvs Chaffa and 
050-3127 (22.9 qu in ta l s lha )  and the lowest by G-130 (16.9 quinta ls lha)  
(see Fig. 6) . 
Data on the y i e l d  per p lan t  and i t s  component8 is given i n  
Table 3 f o r  six c u l t i v a r s .  
The f i e l d  per p lan t  var ied  a s  Chaffa = 850-3127)~-550) 0 - 1 3 0 7  
BEG-489 ~ ~ - 6 2 >  T-3. Highest pod number was produced on BEG-482 and 
lowest on 850-3127. The average number of seeds per pod was g r e a t e s t  
i n  Chaf f a  and BEG-482 (1.3) and- l e a s t  i n  L-550 and JG-62 (1.0). The 
r a t i o  of weights of seed t o  pod wal ls  was the  h ighes t  f o r  Chaffa and 
850-3127 (5.1 and 4.9 respect ive ly)  and lowest f o r  BEG-482 (3.2). Seeds 
of 850-3/27 were t h e  boldes t  and of BEG-482 smal les t .  The average seed 
s i z e  of 850-3127 was almost th ree  times t h a t  of BEG-482. There was a 
considerable v a r i a t i o n  i n  Harvest Index of the  seven c u l t i v a r s  which 
ranged between 53-69%. 
I n  JG-62 (a double-podded c u l t i v a r )  a g r e a t e r  contr ibut ion  t o  
t o t a l  y i e l d  was made by nodes bearing s i n g l e  pods than  by nodes 
bearing double pods (Table 9 ) .  Of the  t o t a l  number of pod-bearing 
nodes on a p lan t  only 26% bore double pods, On t h e  main stem t h e  percent- 
age of double-pod bearing nodes was the  h ighes t  (40.7%) and lowest on t h e  
secondary branches (11.0%); none were found on t e r t i a r y  branches. 
Table 8.  Yield pe r  p l a n t  and y i e l d  components of 
chickpea c u l t i v a r s .  
- 
C U L T I V A R S  
, JG-62 BEG-482 Chnffa 850-3/27 L-550 T-3 G-130 
i e l d  per  p l a n t  (em) 5.78 5.93 6.88 6.86 6.39 5.06 6.08 
pods per p l a n t  35.5 43.5 33.6 23.2 30.8 33.1 30.4 
geeds p ? r  pl-int 37.2 57.9 42.3 25.6 30.8 38.7 32.5 
o.2f seeds  per pod 1.0 1 . 3  1 .3  1.1 i . 0  1.2 1.1 
Seed weivht 4.2 3.2 5 .I. 4.9 4.5 4.0 4.0 
pod w a l l  weight I-- 
100 seed weight (@) 15.6 10.4 16.3 26.8 20.7 13.1 18.0 
Harvest Indcx (%) 6 6 5 3 6 9 G4 60 5 6 53 
Table 9 .  Analysis  of t h e  c o n t r i b u t i o n  t o  y i e l d  of double- 
and single-podded nodes i n  cv JG-62. 
r Main Primry Secondary T e r t i a r y  T o t a l  
stem branches  branches branches  
Yield  (g /p lan t )  from 0.706 1.445 0.187 - 2.338 
double-podded nodes 
Yie ld  (g /p lan t )  from 0.657 2.027 0.748 0.019 3.451 
single-podded nodes 
Double-podded'Node 2.2 4.5 0.63 - 7.33 
No. / p l a n t  
Single-podrled Mode 3.2 12.2 5.12 0.14 20.66 
No. / p l a n t  I 
% double-podded Nodes/ 40.7 26.9 10.9 - 26.2 
p l a n t  
Ho.of seeds  per  pod: 1.02 1.02 1.03 .. 1.02 
on double-podded nodes 
On single-podded nodes 1.20 1.05 0.93 1 .0  1.05 
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The percantage of double-pod bearing nodes on primary branches was more 
o r  l e s s  equal t o  the  percentage of double-pod bearing nodes on the  whole 
pl&t. The number of seeds per pod of single-podded nodes was e l i t t l e  
higher than t h a t  of the  double-podded ones on the  main s tun,  but on an 
average the  number of seeds per pod did not d i f f e r  between s i n g l e  and 
double-podded nodes. 
The contribution t o  y i e l d  by pods borne on the  main stm and on 
branches of d i f f e r e n t  orders  i n  the  same s i x  c u l t i v a r s  i s  depicted i n  
Fig. 6. I n  general ,  most of the contribution t o  t h e  y ie ld  (about 80%) 
was accounted f o r  by the  primary and secondary branches. The main stems 
of JG-62 and 850-3127 contributed about 23 and 19% respect ively  t o  t o t a l  
y i e l d  and i n  JG-62 the  contr ibut ion from main stem was higher than t h a t  
from secondary branches. I n  BEG482 main stems contributed very l i t t l e  
t o  the  t o t a l  y i e l d ,  l e s s  than a t h i r d  of tha t  from the  t e r t i a r y  branches. 
I n  L-550 the  contr ibut ion from main stems and t e r t i a r y  branches was 
the  same. 
The "Harvest I n d i e s "  of the  main stems and branches were 
calcula ted and a r e  shown i n  Table 10. In  general  the  "Harvest Index" 
was lowest f o r  the  main s t e n ,  higher f o r  p r h r y  branches and higher 
s t i l l  f o r  the  secondary and t e r t i a r y  branches. 
A nodewise ana lys i s  of y ie ld  components was made on t h e  main stems 
and on the  branches of d i f f e r e n t  orders,  The nodes were numbered from 
t h e  lcues\(i .e . ,  most proximal) pod-bearing fiode on the  main stem o r  
branches. The da ta  a r e  presented graphical ly  i n  Fig. 7. 
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F I G U R E  7 C  C U L f l V A R  8 5 0 -  3 / 2 7  
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On the main stems and branches of a l l  orders, a l l  yield 
components (pod number per node, pod weight, seed weight and seed number 
t 
per pod) declined acropetally. The same general pattetn was found in a l l  
cultivars. These resulta contrast very strikingly with the pattern 
found in  pigeonpeas (see Pigeonpea Physiology Report Figs, 21-23) where 
a l l  yield components except pod number per node remained constant from 
lower to upper nodes. 
Table 10. "Harvest Index" of main stem and branches 
of different orders. 
" H A R V E S T  I N D E X "  (%) 
Cultivar Main Primary Secondary Tertiary Quaternary Uhole 
stem branches branches branches branches p lant  A 
JG-62 55 6 8 7 1 3 3 - 66 
BEG-482 2 8 50 5 7 6 3 58 5 3 
Chaff a 4 2 69 5 8 7 3  - 69 
650-3127 52 66 72  75 . 64 
L-550 36 5 7 68 7 5 7 4 6@ 
T-3 46 56 58 70 - 56 
6-130 4 5 5 2 5 5 63 73 5 3 
b 
3 .  NITROGEN UPTAKE AND DISTRIBUTION 
Results  and Discussion 
, 
> 
The absolute  nitrogen content and the  nitrogen content expressed 
as a percentage of the  dry weight of leaves,  stems, flowers and pods a t  
d i f f e r e n t  s t ages  of growth of the  f i u e  c u l t i v a r s  a r e  shown i n  Fig. 8. 
The absolute  ttitrogen content per p lant  and i t s  d i s t t i b u t i o n  between the  
leaves,  stems and reproductive s t r u c t u r e s  was calcula ted hy multiplying 
the  dry weight of these components (which was determined i n  the  growth 
analysie) by t h e  percentage nitrogcn content. The uptake of n i t ro& 
i n t o  t h e  p lan t s  during the  vegeta t ive  and e a r l y  reproductive phases 
roughly para l l e led  the  pa t t e rn  of dry matter accumulation (Fig. 5 ) ,  but 
the rea f te r  the  ni t rogen content per p lan t  f e l l  while the  dry weight of 
t h e  p lan t s  was s t i l l  increasing.  
I n  a l l  c u l t i v a r s  t h e  percentage ni t rogen content of the  leaves 
increased during t h e  f i r s t  40-50 days t o  ove; 5% and subsequently 
declined t o  l e s s  than 2% a t  the  time of harvest .  This decl ine  began 
before  the  maximum lea f  number per p lan t  (Fig. 1 )  o r  LA1 (Fig. 2) had 
been reached. The ni t rogen content of leaves which had f a l l e n  from the  
\ 
plan t  was i n  each c u l t i v a r  more o r  l e s s  the  same a s  the  nitrogcn 
percentaee i n  t h e  at tached leaves  a t  the  time a£ harvest .  
The absolute  ni t rogen content i n  t h e  leaves of t h e  p lan t s  declined 
very s teep ly  during the  reproductive phase as a r e s u l t  both of t h e  ne t  
l o s s  of leaves from p lan t  and of the  decl ine  i n  the  n l t r o ~ e n  content 
of t h e  leaves which remained. During t h i s  period t h e  t o t a l  amount of 

ni t rogen i n  the  p lan t s  a l s o  declined; most of t h i s  decl ine  must have 
been owing t o  t h e  l o s s  of n i t rogen from the  p lan t s  i n  the  f a l l e n  leaves.  
$ 
Some ni t rogen must a l so  have been l o s t  i n  f a l l i n g  flower p e t a l s  but 
compared with the  leaves t h i s  source of l o s s  would have been very small. 
The percentage nitrogen content of the  stems followed a s imi la r  
pa t t e rn  t o  t h a t  of the  leaves ,  with a r i s e  up t o  about 40-50 days and 
then a f a l l .  The f a l l  i n  nitrogen percentage which took place up t o  
80-90 days could have been due i n  p a r t  t o  a "dilution" of the  nitrogen 
by t h e  growth of tlre stems (see  Fig. 5) ; but  subsequently the  dry 
weights of t h e  stems underwent no fu r the r  increase  i n  cvs T-3 and 6-130 
and ac tua l ly  declined i n  the  o ther  c u l t i v a r s  (see Table 6) .  The f a l l  i n  
n i t rogen percentage during t h i s  period must therefore  r e f l e c t  a t r a m -  
loca t ion  of nitrogen out of the  stems. 
In a l l  c u l t i v a r s  t h e  later-formed flowers contained l e s s  nitrogen 
than the  ea r l i e r - f  ormed flowers. 
The ni t rogen percentage of pods a f t e r  an i n i t i a l  r i s e  showed a 
,dec l ine  tawarde t h e  end of the  reproductive phase. The i n i t i a l  r i s e  i n  
the  nitrogen perFentage of the pods taken aa a whole could have been 
due t o  the  rapid  appearance of new pods a t  t h i s  s t age  (see Fig. 2 ) ;  such 
young pods have a nitrogen content considerably higher than t h a t  of pods 
a t  a l a t e r  s t a g e  of development (see Chapter 111). The subsequent 
decl ine  i n  the  nitrogen content of the  whole population of pods probably 
r e f l e c t s  t h e  dec l ine  i n  ni t rogen content which takes  place  during t h e  
course of pod development: (Fig. 19) . 
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It i s  c lea r  from Fig. 8 tha t  while a large  gain i n  the amount 
of nitrogen i n  the  reproductive s t ruc tu res  was taking place, considerable 
amounts of nitrogen were l o s t  from the  leaves and t o  a l e s s e r  extent 
from the  sterna. To what extent could t h i s  nitrogen have been translocated 
t o  the pode? 
The nitrogen l o s t  by the leaves and the stems must have been 
e i t h e r  l o s t  from the  plant  a s  a whole, o r  translocated in to  other struc- 
ttlres. I n  the  case of the  atens, the  l o s s  i n  nitrogen must be owing to  
t ranslocat ion alone, but nitrogen must h v e  been l o s t  from the  leaves 
both by translocation and by l e a f - f a l l .  The only ways i n  which nitrogen 
could have been l o s t  from the  shoot system a s  a whole m e  e i t h e r  by 
t ranslocat ion in to  the roo t s ,  or  by l o s s  i n  f a l l i n g  leaves (and t o  a 
minor extent i n  f a l l i n g  flower pe ta l s ) .  It. seems most unlikely tha t  a 
net  tranelocation of nitrogen from shoots t o  roots  would haw taken 
place, and therefore the  amount of nitrogea l o s t  by the  p lan t s  as  a 
whole between the  time of t h e i r  maximum nitrogen content and the  time 
of harvest must have been l o s t  i n  f a l l e n  lesves.  Therefore i f  t h i s  amount 
i s  subtracted from the t o t a l  amount of nitrogsn l o s t  by the leaves a s  a 
whale during the  same period, the  remainder reprer~ents  the amount of 
nitrogen translocated out of the  leaves in to  other pa r t s  of the  plant.  
This w l l l  give an estimate of the  maximum amount of t ranslocat ion from 
the  leaves during the  period between the  maximum nitrogen content of the  
p lan t  and harvest;  i f  some nitrogen had continued t o  be taken up by the  
plant  during t h i s  period the  net  l o s s  from the  plant  as a whole would be 
l e s s  than the grose lGss which took place as a r e s u l t  of leaf  f a l l .  
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Therefore the calculations outlined above would underestimate the 
nitrogen loss in leaf fall and consequently overestimate the amount 
translocated from the leaves. On the other hand, leaf senescence 
began before the time of maximtm nitrogen content per plant (see Fig.11) 
and some translocation would already have occurred before the period 
considered in the above calculations: so the total contribution of 
nitrogen translocation from the leaves would be underestimated by 
this amount. 
With these limitations, and with the assumption that all the 
nitrogen tranalocated out of the leaves and stems moved into the repro- 
ductive structures (i.e., assuming that there was no net translocation 
of nitrogen into the roots), the percentage contribution of translocated 
nitrogen to the total amount of nitrogen accumulated in the reproductive 
structures at the time of harveot can be calculated. The results of 
these calculations (Table 11) indicate that the contribution of trans- 
located nitrogen to the nitrogen of the pods was very significant, as 
high ae 96% in cv T-3; even in cv L-550, which had the lowest translocation 
percentage, half the nitrogen in the pods came from the stems and 
leaves. 
Table 11, Los8,gain and calculated translocation of nitrogen during the 
.reproductive pbaee, 
F VII 
N content per plant and h a m s t  (ag) 
, . Total l con- Percentage 
X 11 IIl n' V tent of repro- contribution 
'Loas" from Loss from Calculated loss' Total duct ive ~f transloca- 
Cultivar leaved whole translocation from trasloca-  , etacturee a t  tion to to ta l  
plant from leaves ' sten tion haweet (4) N in  repro- 
(I - 11) (111 + IV) duct ive 
structures 
4. GENERAL DISCUSSION 
The growth analys is  was by no means complete because of t h e  
omission of measurements of the  dry weight of t h e  roo t s  and of the  
f a l l e n  leaves.  Especially i n  the  e a r l y  s tages  the  omission of the  roo t s  
may introduce considerable e r r o r s ,  and root growth continued in. the  
deeper zones of the  s o i l  p rac t i ca l ly  up t o  the  time of harveet (see 
C h ~ p t e r  11). But the d i f f i c u l t i e s  of 3 quant i ta t ive  measurement of the  
a 
dry weight of t h e  roo t s ,  especia l ly  in/deep-rooted - crop such as chickpea, 
a r e  so g rea t  t h a t  these measurements were not  made. Measurements of 
t h e  weight-loss i n  f a l l e n  leaves  should not present comparable d i f f i c u l -  
t i e s  and such measurements w i l l  be made i n  fu tu re  work. The l o s s  of a 
subs tan t i a l  amount of dry weight i n  the  leaves  means tha t  a f t e r  l ea f -  
f a l l  begins a l l  t h e  parameters derived from the  growth analys is  such a s  
crop growth r a t e  (CGR), r e l a t i v e  growth r a t e  (RGR) ne t  ass imila t ion 
r a t e  (NAR), ni trogen content per p lan t  and harvest index (HI) a r e  
d i s to r ted .  The l a t t e r  is subject  t o  t h e  maxiinm d i s t o r t i o n  and XI un- 
corrected f o r  l e a f - f a l l  may be almost meaningless i n  chickpeas. 
Chickpeas show an indeterminate pa t t e rn  of growth; vegetative and 
reproductive growth overlap each other  f o r  a considerable time a f t e r  
flowering begins. This is re f lec ted  i n  t h e  continued production of new 
nodes (Fig. 1 ) .  a continued increase i n  t h e  LA1 (Fig. 2) and a continued 
increase i n  t h e  dry weights of leaves and stems (Fig. 5) during t h e  
e a r l i e r  p a r t  of the  reproductive phase. In  f a c t  i n  the  e a r l y  and mid- 
duration c u l t i v a r s  mare dry matter was added t o  the  leaves  and stem8 i n  
t h e  reproductive phase than i n  the  vegeta t ive  phase (Fig. 5). 
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I n  the  e a r l y  s t ages  the  growth proceeded slowly; t h i s  is 
r e f l ec t ed  i n  t h e  low CGR during t h e  vegeta t ive  period compared with 
the  CGR soon a f t e r  flowering (Table 12). I n  t he  e a r l y  and a i d d u r a t i o n  
c u l t i v a r s  75-85911 of the  t o t a l  dry weight a t  harvest  was added a f t e r  
flowering (Table 4 )  and i f  t h e  f a l l e n  leaves  had been taken i n t o  account 
t he  proport ion would have been still higher. 
The NAR m n  more o r  l e s s  c lose ly  p a r a l l e l  t o  t h e  RGR i n  a l l  
c u l t l v a r s  (Fig. 9). Both became negative towards t h e  end of t he  repro- 
duct ive phase when t h e r e  was a ne t  l o s s  of dry  matter owing t o  leaf  
f a l l ;  i n  f a c t  a f t e r  l e a f  f a l l  began both RGR o r  NAR become unre l i ab l e  
and a r e  progressively underestimated. 
Although i n  cvs 050-3127 and L-550 t h e r e  was a general  dec l ine  i n  
both RGR and NAR from t h e  l a t e r  p a r t  of t he  vegeta t ive  phase onwards 
resembling t h e  pa t t e rn  found i n  many o the r  crops,  t he re  was no such general  
tendency i n  t h e  o the r  c u l t i v a r s  where RGR and NAR f luc tua t ed  throughout 
t h e  growing period.  These f luc tua t ions  defy i n t e r p r e t a t i o n  an8 make a 
comparison of t h e  NAR of t h e  d f f f e r e n t  c u l t i v a r s  almost ' impossible. 
The slow development of t h e  LA1 and t h e  low values of t h e  maximum 
LA1 (2.9) (see Table 2) a t t a ined  i n  t h e  d i f f e r e n t  c u l t i v a r s  suggest that 
competition f o r ' l i g h t  was not  a f a c t o r  l imi t ing  growth and y i e ld .  The 
spacing used i n  these  s t u d i e s  (30 x 10  cm) was t h a t  recommended f o r  
peninsular  India .  A higher population-density might w e l l  have given 
a higher LA1 and a g rea t e r  i n t e rcep t ion  and u t i l i z a t i o n  of l i g h t .  I n  
f a c t  we found that an increase  i n  p l an t  populat ion d id  r e s u l t  i n  
s i g n i f i c a n t l y  higher y i e l d s  (see Chapter VI). 
W A R  G I M  ' IStfU 
o a a 8 b  
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Table 12, Crop Growth Rate (CGR) during the mid-vegetative 
phase and a week a f t e r  the beginning of flowering. 
CGR (g/m2/week) 
' Cultivar During midvegetative A week a f t e r  
phase flowering 
The leaf area duration (LAD) varied considerably between the 
cul t ivare,  but did not seem to  show any re la t ion  t o  the t b t a l  amount 
of dry matter a t  the time of harvest (Fig. 10). 
Obeervations of plants grown a t  different  row-rpacinge suggested 
that  the major factor  involved i n  plant t o  plant competition wes not 
competition fo r  l i gh t ,  but below-ground competition for  water andlor 
fo r  nutr ients .  The chickpea crop grows on residual moisture i n  the s o i l  
which recedes continuously during the growth of the crop and t h w  the 
a b i l i t y  of the plants  t o  e w t a i n  the continued growth and ac t iv i ty  of the 
roots may be the major factor  determining the growth and development of 
the shoot system (see Chapter 11). 
A s  t h e  reptoductive period proceeded the  demand ' for  a ss imi la tes  
by the  developing pods continuously increased (see Figs. 5, 2 1  and 22); 
a t  the  same time the  LA1 was decreasing owing t o  l ea f  senescence 
( ~ i g . 2 ) .  Even before t h e  LA1 began t o  decrease the  nitrogen content of 
the  leaves s t a r t e d  t o  decl ine  (Fig. 8).  A c lose  re la t ionsh ip  has beeh 
observed i n  many crops between t h e  l e a f  n i t rogen content and photo- 
synthet ic  e f f i c iency ;  i f  t h i s  r e la t ionsh ip  holds i n  chickpea, during 
t h e  reproductive period a s  well  as t h e  f a l l  i n  l ea f  a rea ,  the  photo- 
synthet ic  e f f i c iency  of the  remaining leaves would a l s o  have been 
f a l l i n g .  A t  t h e  same. time the  nodules were regressing (see Chapter 11) 
and the re  may well  hove been o shortage of n i t rogen f o r  t h e  development 
of new t i s s u e s  : t h i s  i s  suggested by the  decl ine  i n  the  nitrogen 
content of the  later-forlmed flowers (Fig. 8) .  
This 'v ic ious  c i r c l e 1  of declining a v a i l a b i l i t y  of phcto- 
t o  
ass imi la tes  and of n i t rogen seeme l i k e l y  h a v e  led t o  a decl ine  i n  the  
r a t e  of growth and a c t i v i t y  of  t h e  roote  a t  a t i m e  when t h e  growth 
and a c t i v i t y  of the  rooto would be w e n  more necessary t o  e x t r a c t  
t h e  receding moisture from t h e  s o i l ;  t h e  consequent water stress 
imposed on t h e  shoot system would f u r t h e r  exacerbate t h i s  v ic ious  c i r c l e  
of decl ine  and senescence. 
I n  these  circumatancea it is  r e l a t i v e l y  easy t o  see how under 
a given s e t  of c l imat ic  condit ions,  t h e  choice of a c u l t i v a r  of t h e  
r i g h t  durat ion is  e s s e n t i a l  f o r  obtaining maximum yields .  A c u l t i v a r  
of too shor t  a durat ion would go i n t o  t h i s  cycle  of senectcence and 
maturation when t h e  a v a i l a b i l i t y  of water i n  t h e  s o i l  and favourable 
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temperatures would have permitted a longer period of growth and hence 
higher y i e l d s  t o  have been obtained. A c u l t i v a r  of too long a duration 
! 
would be subject  t o  an increasing s t r e s s  during t h e  reproductive period 
owing t o  a combination of fa l l i r tg  atmospheric humiJity (and thus increased 
water l o s s  by t ranspira t ion)  and declining s o i l  moisture. Rising 
temperature would impose a fu r the r  s t r e s s ,  but i n  f a c t  during t h e  growth 
period of t h e  c u l t i v a r s  t h a t  we studied,  the  average maximum temperature 
showed l i t t l e  change and the  average minimum temperatures began t o  r i s e  
only towards t h e  end of t h e  reproductive phase of the  l a te -dura t ion  
c u l t i v a r s ,  But t h e  cycle of senescence i n  these c u l t i v a r s  had already 
set i n  before the  temperatures began t o  r i s e .  The date 0-1 which LA1 
began t o  decl ine  was s imilar  in mid-and la te-durat ion cu l t iva rs ,  which 
means t h a t  i n  t h e  l a t t e r  t h e  whole cycle of senescence began near t h e  
beginning r a t h e r  than around the  middle of the  reproductive phase 
(see Fig. 2); t h i s  may have r e s t r i c t e d  i t s  duration and have l imi ted 
t h e  y ie ld .  The same conclusion is suggested by a comparison of the  
onset  and progress of l e a f  senescence i n  t h e  cu l t iva re  of d i f f e r e n t  
duration i n  r e l a t i o n  t o  the  time of flowering (Fig. 11). 
Although tge  growth of the  la te-durat ion c u l t i v a r s  may have heen 
c u t  shor t  by the  s t r e s s e s  discussed above, t h i s  curtai lment i n  i t s e l f  
cannot explain t h e  lower y ie lds  of the  l a t e  than of t h e  mid-duration 
c u l t I r a r e  (Fig. 6).  The reproductive periods of a l l  f i v e  cu l t iva re  
were in f a c t  almost t h e  same (Table 13), and so the l i m i t a t i o n  t o  t h e  
f i e ld  of the  l a t e  c u l t i v a r e  may have been l a r g e l y  owing t o  the  onset 
of t h e  cycle of s t r e e e  and senescence a t  an earlier phyeiologfcal stage. 
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Bowever, ia Northern India,  which i a  t h e  main chickpea growing area ,  
t h e  growing season is considerably longer and under those more 
favrhrable  condi t ions  higher y i e l d s  a r e  obtained than in Peninsular 
India, and in  general  t h e  highest  y i e l d s  a r e  obtained from t h e  l a te -  
durat ion c u l t i v a r s .  
Table 13. Duration of vegeta t ive  and reproductive phases. 
Date of Days t o  Days t o  Duration of repro 
C u l t  i v a r  flowering flowering harvest  ductive phase 
(days) 
JG-62 20-11-74 51 100 4 9 
050-3127 27-11-74 5 8 107 49 
L-550 27-11-74 58 107 49 
T-3 11-12-74 7 2 121 49 
6-130 11-12-74 72 121 4 9 
I a 
CHAPTER I1 
The Development of Roots and Nodules 
The purpose of these investigations was to  obtain basic 
descr ip t ive  data on the growth and development of the nodules and of 
the root system. 
Methods 
Regular observations were carr ied  out on two cul t ivars ,  
JG62 and T-3, growinp, i n  the experimental p lo t s  i n  black s o i l  (ST-1 a rea ) ,  
The roots  were eampled by a mechanical s o i l  auger (tube diameter 
7.6 cm). The cores were centred on the  stumps of p lants  which were 
cut  off immediately before hand, Three rep l i ca tes  were taken on each 
occasion; nearby, cores were taken with a smaller auger (tube diameter 1 cm) 
f o r  s o i l  moisture determinations (two replicates) . 
I 
The cores were divided a t  15 cm intervals ,  repreeenting 15 cm 
increments i n  depth. So i l  moisture determinations were mdda gravi- 
metrically and represent t h s  percentage loss  i n  weight a f t e r  oven- 
drying. For root  and nodule counts the  s o i l  samples were soaked i n  
water overnight and then washed thoroughly i n  ruuning water i n  a sieve. 
The numbers and l e n ~ t h s  of the root  fragments and numbers and aizes of 
the  nodules were recorded. The root  and nodula samples were dried 
i n  an oven a t  8 0 ' ~  t o  constant dry weight f o r  dry veight determinatione. 
With t h e  exception of t he  obse tva t ions  on nodules and dry 
weight determinations,  t hese  opera t ions  were ca r r i ed  out  by the  
$ 
~ a r m i n g  Systems group under t h e  supervision of D r .  Sardar Singh. 
1. Roots, 
Results  and Discussion 
There was a good c o r r e l a t i o n  between roo t  lengths  and roo t  
numbers i n  t h e  var ious  samples. However, root  1enp;ths a r e  of  more 
i n t e r e s t  from a physiological  point  of view and a r e  probably a more 
r e l i a b l e  q u a n t i t a t i v e  measure than roo t  numbers, which a r e  a f f ec t ed  by 
d i f f e r e n t i a l  damage t o  t h e  roo t s  rluring ex t r ac t ion  and washing. Only 
roo t  l eng th  d a t a  a r e  presented here ,  Almost no r e l a t ionsh ip  was found 
between roo t  l eng ths  and roo t  dry  wei!:hts, probably because the  l a t t e r  
a r e  sub jec t  t o  very high e r r o r s  owing t o  t h e  adherence of s o i l  p a r t i c l e s  
t o  t he  r o o t s  even a f t e r  thorough washing. In  f u t u r e  experiments t h e  
measurement of roo t  d ry  weights can be e l i m i n a t ~ d .  
Weekly measurements commenced on 14-11-1974, 45 days a f t e r  sowing. 
Resul t s  f o r  t h e  two c u l t i v a r s  a r e  shown i n  Fig.  12. Apart from two 
very  small showers on Nov. 20th and 23rd (1 .2  and 3.3 mm r a i n f ~ l l  
r e spec t ive ly ) ,  no r a i n  f e l l  during t h e  period covered by these  r e s u l t s ,  
Af ter  12-12-74 t h e  water content  of t h e  s o i l  i n  t h e  f i r s t l 5 c m s  
was near o r  below pe-nent w i l t i n g  poin t  715%) and l i t t l e  o r  no 
f u r t h e r  roo t  development took p lace  i n  t h i s  su r f ace  zone the rea f t e r .  
However, considerable roo t  development took place I n  t h e  deeper zonee and 
continued during tHe reproduct ive  phase df t h e  p l a n t s .  In both 
FIGURE 12 
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c u l t i v a r s  towards t h e  end of t h e  reproductive phase more than half  . 
t h e  r o o t s  l a y  i n  t h e  region below 45 cm; I n  T-3 hal f  l e y  below 60 cma 
(Fig. 13). 
The water content of t h e  s o i l  i n  t h e  lower zones f e l l  a s  m o t  
development took place  but remained well  above permanent wi l t ing  point  
a t  t h e  time of maturi ty.  
The post-harvest moisture d i s t r i b u t i o n  (on 25-2-1975) i n  p l o t s  
on which these  d i f f e r e n t  c u l t i v a r s  (JG-62, T-3 and G-130) had been 
growing is  shown i n  Fig. 14. A l l  c u l t i v a r s  were sown on t h e  same date.  
More water had been extracted from t h e  s o i l  by t h e  long-duration 
(T-3, 6 1 3 0 )  than by t h e  shor t -durat ion (JG62) c u l t i v a r e .  
The p a t t e r n  of water dep le t ion  wi thin  and ou t s ide  a p l o t  was 
examined by taking core  samplee i n  t h a  rows, between t h e  rows and a t  
30 cm i n t e r v a l s  ou t s ide  t h e  p l o t ,  up t o  a d i s tance  of 120 cum. The 
samples were taken on 8-1-1975 a s  t h e  p l a n t s  i n s i d e  t h e  p l o t  were 
reaching maturi ty;  while those  i n  t h e  border rowa were s t i l l  green. . 
Resul ts  a r e  shown i n  Fig. 15. Outeide t h e  p l o t  the re  was l i t t l e  
d i f f e r e n c e  i n  t h e  water content  of t h e  e o i i  down t o  30 cm, but i n  t h e  
60-120 cm zone water deple t ion wi thin  t h e  p l o t  owing t o  t h e  a c t i v i t y  of 
t h e  r o o t s  is apparent. Below 90 cms t h e  moisture content of t h e  s o i l  
was near f i e l d  capaci ty  (32%). 
From t h e  p l a n t s  of c u l t i v a r e  Chaffa and T-3 f lowers  were removed 
e i t h e r  continuously from t h e  beginning of flowering, o r  f o r  t h e  f i r a t  
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th ree  weeks a f t e r  flowering, a f t e r  which pods were allowed t o  develop. 
The e f f e c t  of these treatments on roo t  growth wHe compared with controls  
i n  &idh normal pod development was taking place. Samples were taken on 
two da tes  towards the  end of the  reproductive period. Compared with 
controls ,  more roo t s  were found on the  p lan t s  where pod development had 
been prevented o r  delayed, e spec ia l ly  i n  the  deeper zones (below 75 a s )  
These p lan t s  from which flowers had been removed a l s o  showed more 
vegeta t ive  growth than controls  and remained green a f t e r  controls  had 
dr ied up and matured. 
Most of the  roo t  systems of crops grown under condit ions of in te r -  
mi t tent  r a i n  o r  i r r i g a t i o n  i s  confined t o  the  surface  zones of the  s o i l .  
By con t ras t ,  i n  the  r a b i  season, when chickpeas a r e  grown, the re  i s  a 
progressive drying-up of the  res idua l  moisture i n  the  s o i l  and l e s s  
and l e s s  root-growth and a c t i v i t y  can take place i n  the  surface  zones. 
I 
This progressive deple t ion of t h e  s o i l  moisture from the  surface  zones 
downwards and t h e  progressive development of thc  roo t s  deeper down i n  
t h e  s o i l  a r e  c l e a r l y  shown by the  r e s u l t s  presented i n  Fig. 12.  Towards 
t h e  end of t h e  r a b i  season, when t h e  surface  l ayers  of the  s o i l  contain 
l i t t l e  o r  no ava i l ab le  water, the  majori ty of the  chickpea roots  l i e  
b e l m  45 cms, This r a i s e s  a number of i n t e r e s t i n g  questions r e l a t i n g  t o  
n u t r i e n t  uptake. I f  the  surface  roo t s  cease t o  develop and presumably 
a l s o  cease t o  funct ion i n  water uptake a s  the  surface  s o i l  d r i e s  out ,  
i t  seems l i k e l y  t h a t  most of the  n u t r i e n t s ,  l i k e  most of t h e  water, 
may be taken up from t h e  deeper zones of t h e  s o i l .  Nutrients i n  t h e  
surface layers  of t h e  s o i l  may not be taken up a f t e r  t h i s  s o i l  d r i e s  
and root  development in t h i s  region slows down o r  ceases. F e r t i l i z e r  
appl ica t ion a t  the  beginning of the  r a b i  soason may therefore be of 
l imited eff icacy (see Chapter V). 
The pat tern  of root  development mtiy well  be changed i f  the surface 
zones of the s o i l  do not  undergc o progressive depletion of moisture a s  
the crop develops, e i t h e r  a s  a r e s u l t  9f r a i n  f a l l  or  i r r iga t ion .  Such 
a change i n  pet tern  of root  developuent n ight  be expected to  a f f e c t  
the pa t t e rn  of nu t r i en t  ext rac t ion from the s o i l .  
The continued development of the  root  system during the  reproductive 
phase probably depends i n  p a r t  on the extent  of the  competition f o r  
photo-assimilates by the developing pods. AE the  p lan t s  proceed through 
the  reproductive phase the  number of pods increases,  the  demand f c r  
photo-assimilates by tho pods increases,  while the leaf a rea  (and hence 
photo-assimilate production) decl ines  (see Chapter I). Therefore the  
~ b t o - a s s i m i l a t e s  avai lable  f o r  root  growth and root  a c t i v i t y  might be 
expected t o  decrease. Howwer, continued root  development i e  necessary 
f o r  the  exploi tq t ion of receding and ever-declining amounts of s o i l  
moisture. Hence a decl ine  i n  the  development and a c t i v i t y  of the roo t s  
could have been a major f ac to r  determining the  drying up, matunition 
and death of the p lants .  This conclusion is  supported by the  following 
(i) The delaying o r  prevention of pod formation allowed more root  
development t o  take  place and prolonged the  l i f e  of the  p lants .  
( i i )  The e a r l y  cv JG-62 did  not  dry up and mature ,because it had 
exhausted t h e  s o i l  moisture (Figs. 12 and l l r ) .  It ~ r c b a b l y  matured 
e a r l i e r  because pod development tool; placi. ea r l ie r  than i n  the  o ther  
I 
v a r i e t i e s .  
Thus t h e  l i m i t i n g  f a c t o r  fo r  t h e  conti~vc-d ?sowth and developr.ent 
of t h e  p l a n t s  does no t  s e a  t o  be the  amount cf t7;ter i n  ?he s o i l  s o  
much as t h e  e b i l i t y  of t he  p l z n t  t o  e x y l o i t  i t  b.7 'he continued dcvelop- 
ment and a c t i v i t y  of i t n  r oo t  systeri:. (in the nt',sr h.?nd i f  more wntcr 
were civailable, 1 2 s  root  develo?r~cnL onJ i i c i i v i t ; ~  mighc be necesoary t c ;  
e x p l o i t  it. This  cculd b e  one of t k a  reasons f o r  the f a c t  t h a t  p l a n t s  
i n  border  rows remain &reen and alive. a f t e r  t he  o the r  p l a n t s  have d r i ed  
up and d ied .  Xoots of p l a n t s  i n  border rolw probcbly have access  t o  
more a v a i l a b l e  s o i l  moisture than  r o o t s  i n s i d e  the p l o t  (Fig. 15) .  
2 .  NOD'JLES 
- 
Resul t s  
The nodules were almost a l l  confined t o  t h e  f i r s t  15 cm zone of 
t he  s o i l .  I n  most cases  99-100% were found i n  t h i s  region.  r)ccasionally 
s i g n i f  -ant  numbers of nodules rere found i n  t h e  '5-30 cm zone, bu t  even 
s o  these  amounted t o  l e s s  than  10% of the  t o t a l ,  TherePore, i n  f u t u r e  
I 
work it might be s a f e  t o  assume t h a t  the g r e a t  rrajoritj .  c f  the nodules 
w i l l  be recovered by digging ou t  t h e  top  1 5  em of t h e  roo t  system. 
The nodules continued t o  grcv,  brzuchj.nz dichotp!ously as they 
d i d  s o  and tended t o  form a mass ~f tissue czcrusting cha roo t s .  Nodule 
numbers were recorded,  a s  were ncdule ~ i z e . 8 ,  cr;:insteI? by eye, but t hese  
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did not  give such a good quant i ta t ive  measure of nodule development 
as the  dry  weight of the nodule tleeue. 
, 
The weights of nodules of cve JG-62 and T-3 a t  d i f fe ren t  times 
a r e  shown i n  Fig. 16. T-3 always had more nodule t iesua than JG-62 
but both v a r i e t i e s  showed a s imilar  pa t t e rn  of increase and decline. 
The delay o r  prevention of pod s e t t i n g  by the removal of flowers 
not only prevented the decline of the nodules but resul ted i n  an 
increase i n  the  amount of nodule t i s s u e  over the  maximum anaunt produced 
i n  control  p lants .  However, even in p lan t s  from which flowers were 
removed continuously senescence s e t  in eventually and the nodules de- 
generated. Data f o r  cv T-3 a r e  shown i n  Fig. 17. 
Discussion 
Although the  r i s e  and f a l l  i n  the  mass of the  nodules i n  cvs 
JG-62 and T-3 were synchronous, the  s tages  of development of the  two 
cu l t iva re  was not (Pig. 5). I n  JG-62 t h e  maximum nodule weight was 
achieved about 10 days a f t e r  f u l l  flowering, but i n  T-3 it  was achieved 
about 7 days before f u l l  flowering. These r e s u l t s  m y  simply r e f l e c t  
experimental e r r o r ,  but  i f  they can confirmed they might suggest t h a t  
environmental f ac to rs  were influencing the  decline of the  n ~ d u l e e  more 
than the  physiological s t a t e  of the  plants.  Howwer, t h e  l a t t e r  a l s o  has 
a marked e f f e c t  aa revealed by the  e f f e c t s  of flower removal (Fig. 17). 
This i s  presumably a r e s u l t  of the  prevention o r  reduction of competition 
f o r  photo-assimilates by developing pods. But even when flowere are 
removed continuously, the  cessation of vegetative growth and the  senes- 
ceace of the  p lan t s  could not  be prevented indef in i t e ly ,  but took place 
a s  t h e  temperaturee, p a r t i c u l a r l y  the  night  temparatures, increased. 
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CHAPTeR I11 
The Development of Pods 
In t roduct ion  and Methods. 
The development of pods was s tudied  i n  c u l t i v a r s  of ea r ly  
(JG-62 and Chaffa) medium (850-3/27 and 1 ~ 5 5 0 )  and l a t e  (T-3 and G-130) 
dura t ion  groups. A l l  t he  c u l t i v a r s  were planted on Octobdr 1, 1974. A 
s u f f i c i e n t l y  l a r g e  number of f lowers t h a t  opened on a p a r t i c u l a r  day 
(as  judged by the  flower colour)  were tagged. Flower-tagging was done on 
26-11-74 i n  JG-62 on 2-12-74 i n  Chaffa, on 4-12-74 i n  L-550 and 850-3127 
on 23-12-74 i n  T3 and on 27-12-74 i n  6-130. Per iodic  samplings of t he  
developing pods were made a t  i n t e r v a l s  of 8-10 days. I n  t he  i n i t i a l  
sample 50 developing pods were sampled; i n  t h e  subsequent samples 20-25 
pods were used. The lengths  of t h e  peduncle and pedice l  and length and 
breadth of t h e  pods were recorded. The pods were then separated i n t o  
pedice l ,  peduncle, pod cover and seed. Fresh weights of a l l  t h e  components 
were taken and seed number recorded. The eamples were then d r i ed  i n  t he  
oven a t  80°c and dry  weights were recorded. 
Resul t s  and Discussion 
The pedice l  and peduncle reached t h e i r  maximum length by about  7-8 
days a f t e r  an thes is .  The weight pe r  u n i t  l ength  of ped ice l  and peduncle 
continued t o  increase  up t o  t h e  15-17th days a f t e r  flowering i n  cvs 
Chaffa and JG-62 and 20-24th days i n  cvs L-550, 050-3127, G-130 and T-3. 
During t h i s  period the  ped ice l s  and peduncles were growing i n  thickness:  
anatomical i nves t iga t ions  showed t h a t  t h i s  thickening was assoc ia ted  
wi th  t h e  d i f f e r e n t i a t i o n  of new vascular  t i s s u e  and f i b r e s .  
-36- 
The pods a t t a ined  t h e i r  maximum length  and breadth by about 13-17 
days a f t e r  an thes i s  (Fig. 18). 
In t h e  f i r s t  sample, 7-10 days a f t e r  an thes i s ,  t he  seed number per 
pod was higher  than i n  subsequent samples, This f a l l  i n  seed number per  
pod r e f l e c t s  t he  abor t ion  of seeds, which took p lace  during t he  f i r s t  two 
weeks. There;lfter t he  number of seeds per  pod remained more o r  l e s s  
s teady (Fig. 18) . 
The progressive accumulation of dry weight i n  t he  seeds and pod 
wal l s  a r e  presented graphJcally i n  Figs.  19 and 20. 
I n  t he  case of JG-62, a double-podded c u l t i v a r , t h e r e  was a time 
d i f f e r ence  between t he  development of the  f i r s t  (Podl) and second (Pod21 
pod. Generally t he  f i r s t  forrned pod (Podl) added more dry matter  both i n  
t he  seeds and pod wa l l  i n  t h e  f i r s t  17 days a f t e r  t he  opening of t he  
flower and maintained t h i s  d i f f e r ence  u n t i l  t he  time of harves t .  
The p a t t e r n  of accumulation of dry matter  i n  t he  seeds and pod 
wa l l s  of a l l  t h e  cu l t fva re  was more o r  l e s s  t he  same. The pod wal l  was 
t h e  f i r s t  t o  develop and added more dry matter  compared with the  seeds up 
t o  15-17 days a f t e r  an thes i s .  There was a rap id  accumulation of dry weight 
i n  t h e  seeds a f t e r  t he  add i t i on  of dry matter  t o  t he  pod wa l l s  had more 
o r  l e s s  ceased. The accumula tbn  of dry weight i n  seeds continued up t o  
35-40 days i n  e a r l y  and medium-duration c u l t i v a r s ,  bu t  more o r  l e s s  
stopped a f t e r  25-30 days i n  the  la te -dura t ion  c u l t i v a r s  T-3 and G-130. 
The r a t e  of accumulation of dry weight i n  t he  pod a s  a whole was calcula-  
t ed  f o r  d i f f e r e n t  v a r i e t i e s .  Af te r  a t t a i n i n g  t he  maximum r a t e  of dry matter 
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addit ion t o  the pod, the r a t e  gradually declined i n  some of the cvs 
* 
(L-550, Chaffa and JG62) but ra ther  abruptly i n  cvs 850-3127, G-130 and 
T-3 (Fig, 21) . 
The progreseive accumulation of dry weight i n  the pods of d i f ferent  
cu l t iva r s  is  compared i n  Fig. 22. In  the  ea r ly  stages of development of 
the pod ( f i r s t  sample) when moat of the dry matter was added t o  the pod 
wall there  was not much difference between the cu l t iva r s  except i n  the 
case of JG-62 which had two developing pods per node. The accumulation 
of dry weight i n  d i f ferent  genotypes seemed t o  be re la ted  t o  the f i n a l  
seed s i z e  and seed number. Cult ivars with bigger seeds ($50-3127) or 
more seeds per node (JG-62) added more dry matter to  the pod during a 
given time compared with cul t ivars  with smaller seeds. The pods of 
cu l t iva r s  with bigger seeds a lso  took longer t o  accumulate the i r  maximum 
d ry  weight, 
The time a t  which the seed or  pod a c c d a t e d  maximum dry weight was 
the  time of the physiological maturity of the seed (by def in i t ion) .  There 
wae a l o s s  of f resh  weight of the seed from tha t  time onwards. After 
a t t a in ing  the  maximum f resh  weight, the pod wall maintained i ts  weight f o r  
a period of 3-4 weeks before it  a tar ted  los ing weight along with the 
lose  i n  f resh  weight of the seeds. 
The percentage of nitrogen i n  the  developing pod walls  and seeds 
of cv.850-3/27 was determined. In  both, the percentage wae highest a t  
FIGURE 21 
GROWTH RATES OF DEVELOPING PODS 
CHAFFA 
10 I 
CIGURE 22 
D'RY MATTER ACCUMULATION BY DEVELOPING 
PODS IN DIFFERENT CHKKEA VARIETIES (1974-75) 
( 100 5E€D WElGHlS SHOWN IN B A A C X E T S  ) 
- $50-3127128 g )  
I 
0 10 20 30 40 50 60 90 80 
DAYS AFT€ R FLOWERING 
f i r e t  and declined with the growth of the pod. I t  remained more or l e s s  
, I  
unchanged a f t e r  24 days i n  the seed and a f ter  31 days i n  the pod wall  
(Fiq. 19).  Thus during the grand period of growth of the eeeds the accuL. 
mulation of dry matter and of nitrogen take place i n  paral le l .  
CHAPTER IV 
Effec t s  of Seed Size  on Crop Growth and Yield 
Introduction 
There is  a considerable range of seed s i z e s  within seed-lots  of 
chickpeas and seeds of d i f f e r e n t  s i z e s  can bc sepnrated e a s i l ~  f o r  example 
by s iev ing .  A small p r e l i ~ i n a r y  experiment wan c m r i e d  out  t o  study the  
e f f e c t  of seed s i z e  on growth and y i e l d .  
Methods 
Seeds of t h ree  cvs, JG-62, 850-3/27 and T-3, were graded by s iev ing  
and small  and l a r g e  seeds of each c u l t i v a r  were sepnrated.  The hundred 
seed weights ( i n  gm) were a s  follows: 
JG-62 
-
850-3/27 T-3 
- 
Small seeds 12.9 20.5 15.0 
Large seeds 20.6 38.7 24.4 
The seeds were sown on 6-11-1974 i n  b lack  s o i l  (ST-1 a rea ) .  A 
randomized block design was employed with each treatment r ep l i ca t ed  t h r e e  
times. The p l o t  s i z e  ms 1 . 5 ~ 1  .Omand spacing 30 x 10 an. Plan t s  of cvs 
JG-62 and 850-3/27 were sampled on 27-12-1974 during the  floweririg s tage .  
Yield of a l l  c u l t i v a r s  were recorded a t  t he  t i m e  of ha rves t  (20-2-1975). 
Resul t s  and Discussion 
The l a r g e r  seeds of a l l  c u l t i v a r s  gave rise t o  l a r g e r  seedl ings  
and l a r g e r  p l a n t s  than the  smaller  seeds. The p l a n t s  from the  l a r g e r  
Data taken shor t ly  a f t e r  the beginning of flowering on cvs 
JG-62 and 850-3/27 demonstrate tha t  the plants derived from larger  
seeds were larger  and hod a higher leaf  area (Tnble 14). 
Yield data a r e  shown i n  Table 15. In cvs JG-62 and T-3 there 
was no s ignif icant  e f f e c t  of seed s i z e  on yie ld  but i n  cv 850-3/27 the 
larger  seeds gave s ign i f i can t ly  higher yield,  35% more than the smaller 
seeds. 
In  many crops i t  has been found tha t  l a rge r  seeds give r i s e  to 
l a rge r  seedlings, but these do not always give higher y ie lds  because these 
differences a r e  not maintained a s  the crop develops, And even i f  such 
increnses can be achieved a t  a constant plant  population, more relevant fo r  
p rac t i ca l  purposes is the e f f e c t  of seed grading on yie ld  a t  a given seed 
ra te .  But only fu r the r  empirical investigations can reveal  whether i n  a 
given s i t u ~ t i o n  seed-grading of chickpeas w i l l  be of advantage. 
Table 14. Effect  of seed s i z e  on d i f fe ren t  components of p lants  
, 
of' cvs JG-62 and 850-3/27 a t  the time of flowering. 
JG-52 - 
- 
Small seed Large seed Small seed Large seed 
,Total dry wt./plant (gm) 2.1 2.6 2.5 4.2 ' 
Stem w t  . /plant  (gm) 0.6 0.8 0.7 1.2 
Pinna w t  . /plant  (gn) 1 .O 1.2 1.2 2.1 
LA1 0.6 0.8 0.9 1.3 
L 
Table 15. Effect of seed size on yield (%./ha) 
I 
Cultivar Small seed Large seed 
JG-62 1380 1275 
850-3127 1363 1845 
T- 3 1156 1302 
LSD (0.05) 328 K g .  /ha 
CHAPTER V 
Phosphate Dusting Experiment 
Introduct ion 
The leaves, stems and pods of chickpeas a r e  covered with glandular 
h a i r s  which sec re t e  an ac id i c  exudate containing about 0.1% malic acid 
and 0.05% oxal ic  acid.  The pH of t h i s  exudate i s  c lose  t o  2 .  It i n  not 
known what funct ion,  i f  any, t h i s  exudate has. 01re p o s s i b i l i t y  i s  protect ion 
from a t t acks  by pes ts .  But whatever i ts primary funct ion may be, it seemed 
possible  f o r  the  following reasons t h a t  t h i s  exudate could be put  t o  use 
i n  the  phosphatic f e r t i l i z a t i o n  of the  p lan ts :  
Much of the  phosphatic f e r t i l i z e r  applied t o  s o i l  i s  not  ava i lab le  
t o  p l an t s  owing t o  phosphste f i xa t ion .  Furthermore the  cheapest form of 
phosphate, namely rock phosphate, i s  more or  l e s s  insoluble i n  normal 
s o i l s  and is therefore  l e s s  e f f icac ious  than more expensive, soluble 
forms of phosphate. Rock phosphate i s ,  however, solubulized a t  low pHs. 
Preliminary experiments i n  the  laboratory showed t h a t  a synthe t ic  chickpea 
exudate (0.1% malic ac id  + 0.05% oxa l i c  ac id ) ,  when shaken with rock 
phosphate solubulized over f i f t y  times more phosphate than e i t h e r  d i s t i l l e d  
water o r  the same synthe t ic  exudate neut ra l ized  t o  pH 7. 
It is therefore  seemed l i k e l y  t h a t  i f  powdered rock phosphate 
were dusted onto chickpeas i t  would be solubulized by the  ac id i c  exudate; 
i f  t h i s  solubulized phosphate were then taken up by the  p lan t  i t  could 
provide a cheap and simple method of applying phosphate t o  chickpeas. 
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I n  t h i s  experiment the  e f f e c t  of dusting rock phosphate onto 
chickpeas growing i n  phosphate-deficient s o i l  was compared with controls  
ino phosphate) and with s o i l  appl ica t ion and dusting treatments using 
3 
s ing le  superphosphate. An addi t ional  control  was included which involved 
dusting rock phosphate onto the  s o i l  r a the r  than the p lants ,  so t h a t  i f  
a response t o  rock phosphate were obtained the  e f f e c t s  of the appl ica t ion 
t o  the p lan t s  could be dist inguished f ron  any poss ible  e f f e c t s  of rock 
phosphate which f e l l  onto t h e  surface  of the  s o i l ,  
Methods 
The t r i a l  was l b i d  out  i n  a 5 x 5 Lat in  Square design on newly 
developed lend t o  which no f e r t i l i z e r  had been applied previously. There 
was a uniform basal  appl ica t ion of ZnS04 a t  the  r a t e  of 45 Kg./ha. No 
Nitrogen was applied. The p l o t  s i z e  was 1.8 x 3 . 0  M and plant-to-plant 
spacings were 30 x 10 cm. An ear ly  cv,BEG-482, was used. The crop 
was sown on 11-11-1974 and a l i g h t  i r r i g a t i o n  was given immediately a f t e r  
sowing. Flowering began a f t e r  32 days. The following dusting treatments 
were given 23 ,  59 and 7 1  days a£ t e r  sowing 
1, Control (no dusting) 
2 .  Dusting p lan t s  with s i n g l e  superphosphate 
3 .  Dusting p lan t s  with rock phosphate 
4 .  Dusting s o i l  with rock phosphate 
5 .  Basal appl ica t ion of s ing le  superphoaphate e t  the  r a t e  of 
450 K.g./ha. 
Resul t s  and Discussion 
The da t a  on y i e l d  and y i e l d  components a r e  given i n  Table 16. 
The ove ra l l  y i e l d s  were low and i n  a l l  t reatments  p l an t s  showed symptoms 
of phosphorus def ic iency  such a s  pigmentation of t he  leaves and dropping 
of t he  pinnae. 
The only treatment which gave n y ie ld  s i g n i f i c a n t l y  d i f f e r e n t  from 
the  control 'was dus t ing  of t he  p l an t s  with rock phosphate. The increase  
i n  y i e l d  over t h e  con t ro l  was small  (17%), bu t  s u f f i c i e n t l y  encouraging 
t o  suggest t h a t  f u r t h e r  t r i a l s  should be ca r r i ed  out on t he  e f f e c t s  of 
such duetings. 
The small d i f f e r ences  between t he  d i f f e r e n t  phosphate treatments and 
t h e  d i f fe rences  i n  pod number per u n i t  a rea  were no t  s t a t i s t i c a l l y  s ign i -  
f i c a n t .  The most i n t e r e s t i n g  aspect  of these r e s u l t s  is t h a t  under condit ion 
of v i s i b l e  phosphate deficiency,  t he  ba sa l  appl ica t ion  of super phosphate 
a t  t he  h igh  r a t e  of 450 kglhn hod no de t ec t ab l e  e f f e c t  on growth and y i e ld .  
It seems necessary t o  conclude t h a t  although the  phosphate was added t o  t he  
s o i l  i t  was no t  taken up by t he  p l an t s .  This phosphate was banded along 
wi th  t he  seeds a t  a depth of about 5 cm. Soon a f t e r  t he  germination of t he  
seeds the  sur face  of t h e  s o i l  d r ied  up progressively and roo t  growth 
and a c t i v i t y  i n  t h e  sur face  l a y e r  must have been very low; t he  phosphate 
was confined t o  t he se l aye r s  and may the re fo re  have been inaccess ib le  t o  
t h e  p l an t s ,  
. . 
* . 
Table 16. 'kf f e c t s  of d i f f e r e n t  methods of applying phosphate 
' on y i e l d  and y i e l d  components of cv BEG-482. 
Yield Pod Nq . Seed N o .  100 seed 4 
Treatments Kg. /ha per  rn per  pod. weight. 
1. Control  (no phosphate) 510 49 7 1.1 9 . 3  
2 .  Basal  s i n g l e  super- 553 576 1.0 9.3 
phosphate 
3. Dusting p l a n t s  wi th  548  512 1.2 9 . 2  
s i n g l e  superphosphnte 
4.  Dusting p l a n t s  with 604 559 1.2 9.3 
rock phosphate 
5. Dusting s o i l  wi th  575 553 1.1 9 .5  
sock phosphate 
LSD ( . 0 5 )  t?2 Y . S .  N. S. N . S .  
EfPects  of P l an t  Populat ion and Geometry of P l a n t i n g  
In t roduct ion  
The e f f e c t s  of p l a n t  populat ion and geometry of p lant ing  depend 
on a number of f a c t o r s  inc luding  in t e r -p l an t  competition and t h e  a b i l i t i e s  
of d i f f e r e n t  c u l t i v a r s  t o  respond t o  d i f f e r e n t  micro-environmental 
condi t ions .  
I n  c rops  grown under condi t ions  where water  and n u t r i e n t s  a r e  not 
t h e  main l i m i t i n g  f a c t o r s ,  i n t e r -p l an t  competition genera l ly  involves a 
competition f o r  l i g h t .  The e f f e c t s  of spacing and geometry of p lant ing  
can be  understood mostly i n  terms of canopy s t r u c t u r e  and mutual shading. 
Under such condi t ions  it has  o f t e n  been found t h a t  crops,  e.g. soyabeans, 
planted i n  a g r id  p a t t e r n  g ive  higher y i e l d s  than when they a r e  planted 
i n  rows. 
Under dry-land condi t ions  i n  genera l ,  and e s p e c i a l l y  i n  t h e  r a b i  
season when chickpeas a r e  grown, water is  not present  i n  unlimited 
q u a n t i t i e s .  A s  t h e  growth of t h e  crop proceeds t h e r e  i s  a progressive, 
dep le t ion  of s o i l  moisture (Chapter 11). The p o s i t i v e  response t o  i r r i g a -  
t i o n  which has been repor ted  many times f o r  chickpeas ind ica t e s  t h a t  s o i l  
moisture is a l i m i t i n g  f a c t o r  f o r  growth and y i e ld .  Therefore i n t e r p l a n t  
competi t ion seems l i k e l y  t o  involve a competi t ion below ground f o r  
moisture i n  a d d i t i o n  t o  competi t ion above ground f o r  l i g h t ,  Since very 
l i t t l e  is known about t h i s  underground competi t ion,  t h e  e f f e c t s  of p l a n t  
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populat ion and p l an t ing  geometry cannot be predicted on the  b a s i s  of 
simple hypotheses which t ake  i n t o  account t h e  shoot system alone.  
Some prel iminary s t u d i e s  were made of t h e  resnonso of p l a n t s  of 
these  c u l t i v a r s  t o  d i f f e r e n t  populat ion-densi t ies  by p lan t ing  them r a d i a l l y  
i n  a  "wheel-spoke" design,  The e f f e c t s  of t h e  geometry of p lan t ing  were 
i nves t iga t ed  i n  another  experiment where square ( ' g r i d ' )  p lan t ing  was 
compared with rol.  p lan t ings .  
For t h e  r a d i a l  p lan t ings  these  c u l t i v a r s  were used, Chaffa, 850-3127 
and T-3. They were sown on 6-11-1974 i n  4 m. long rows which rad ia ted  
from a c e n t r e  point  t o  a row-to-row spacing of 75 cms a t  t h e  periphery. 
The plant- to-plant  spacing wi th in  t h e  rows was 10 cm. Each p l o t  contained 
8 rows and t h e  6 inner  rows were t r e a t e d  a s  6 r e p l i c a t e s .  A t  harves t  each 
p l an t  was co l l ec t ed  and l a b e l l e d  s epa ra t e ly ,  t he  numbers of primary, 
secondary and t e r t i a r y  branches, t h e  t o t a l  p l an t  dry weight, t h e  y i e ld  
components and t h e  seed dry  weight were recorded. The p l an t s  were 
harvested on 18-2-1975. 
I n  t h e  geometry of p l an t ing  t r i a l ,  two c u l t i v a r s  were used, Chaffa 
and BEG-482 a t  t h e  following spacings ( i n  cms) : 30 x 10, 17.3 x 17.3, 
15 x 20, 20 x 10, 14,2 x 14j2,  10 x 10. The p l o t s  were 4 x 2 m. and were 
r e p l i c a t e d  3 times. They were sown on 15-11-1974. A t  t he  time of harves t  
(20-2-1975) t he  y i e ld ,  y i e l d  components and number of primary, secondary 
and t e r t i a r y  branches per p l an t  were recorded. 
Resul t s  and Discussion 
1. Radial p l an t i ng  experiment 
A mutual i n h i b i t i o n  growth was observed between t he  rows even when 
the  p l a n t s  were not  overlapping.  Such i n t e r p l a n t  competition when t h e  
canopy was no t  c losed s t rong ly  sugges ts  t h a t  t h e  competi t ion between p l a n t s  
took p lace  mainly below r a t h e r  than above ground. 
The responses of t h e  c u l t i v a r s  t o  t h e  increas ing  spacing was 
s t r i k i n g l y  d i f f e r e n t .  The y i e l d  per  p l an t  continued t o  i nc r ea se  i n  cv 
850-3127 r i g h t  up t o  t h e  widest  spacing employed whereas i n  cv C h ~ f f a  a 
po in t  d a s  reached, when t h e  rows were about 40 cm a p a r t ,  beyond which 
f u r t h e r  i nc r ea se s  i n  spacing had l i t t l e  o r  no e f f e c t  on t he  y i e ld  per 
p l an t .  Cv T-3 showed an increased y i e l d  per p l an t  wi th  increas ing  spacing 
but  no t  s o  s t r i k i n g l y  a s  850-3127,  Resul t s  averaged f o r  t h r e e  success ivc  
p l an t s  i n  a l l  rows a r e  shown i n  Fig.  23. The r e s u l t s  from the  f i r e t  t h r e e  
p l a n t s  have been omitted s i nce  they were a t  t h e  border of t h e  p l o t .  
When t h e  y i e l d  f i g u r e s  a r e  expressed on t he  b a s i s  of y i e ld  per  u n i t  
a r ea ,  a t  t h e  wider spacings cv Chaffa shows a f a l l  wi th  decreasing p l an t  
populat ion,  cv 850-3127 a r i s e  and cv T-3 l i t t l e  change (Fig. 23). A l l  
gave h ighes t  y i e l d s  per  u n i t  a r ea  a t  t h e  h ighes t  dens i t y .  
I n  cvs  850-3127 and T-3 a s  t h e  spacing between rows increased,  s o  
d id  t h e  number of primary, secondary and t e r t i a r y  branches per p l a n t  
( t he se  d a t a  were not  recorded f o r  cv Chaffa) .  The number of pods per  
p l a n t  s l s o  increased i n  d i r e c t  proport ion t o  t h e  s i z e  of t h e  p l an t s .  
FIGURE 23 
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The result was that the harvest index remained more or less constant 
over the whole range of spacings, as did seed number per pod and 100 seed 
weights (Fig. 23). 
The differences between cultivars in their ability to ros~ond to 
the wider spacings by putting on more growth and producing more pads can 
be thought of in tens of differences in plasticity. A greater pl~eticity 
means that a more stable yield would be obtained over a wider range of 
spacings. This might be important in the field conditions under which 
chickpea is often grown, where aanngement i s  poor and plant-to-plant 
spacing is variable. No doubt the plasticity of different cultivars depends 
in part on their different durations, on the time of sowing and on the 
length of the growing season. But even within a given maturity group under 
given growing conditions, cultivars may differ in their nlasticity and 
hence in their ability to yield well under the variable plant-to-plant 
spacings encountered in farmers' fields. 
2. Geometry of Planting Experiment 
Thi; experiment involved nc? only a comparisor. of different geometries 
of planting but also compared the effect of three different population- 
densities, viz. 33, 50 and I00 plants/m2. & in the radial planting 
experiment it was found that the highest population-density gave the 
highest yield per unit area. The normal populations recommended in this 
region and used on the ICRISAT farm, viz. 33 plants/m2, seemed to be sub- 
optional. An examination of the available literature has revealed that 
where higher populations have been tried in this region of India, higher 
yields have been obtained. 
Z 
At the normal population-density of 33 olants/m the rectangular 
planting$ produced significantly higher yields than the grid 
(equidistant) method of planting, When the plant population was 
increased to 50 plants/rn2 the differences became insignificant 
(Table 17). 
Table 17. Effects of different plant-to-plant spacings 
on yield of cvs Chaffa and BEG-482. 
Yield gm/m2 
Spacings Plant Cult ivar 8 Mean 
/pulation m-2 Chaf fa BEG-482 Spacings 
2 0 x  10 ' 50 353 4 2 1  387 
14.2 x 1 4 . 2  50 370 4 40 405 
10 x 10 100 446 497 472 
Mean - 365 403 
LSD (0.05) Cultivars N.S. 
Spacings 25 grn/m2 
C~lltivars. x 3 4  grn/m2 
spacings. 
Populations 36 gm/m2 
The f ind ing  t h a t  t he  square method of p lan t ing  gave lower y i e ld s  
than row,plant ings agrees with r e s u l t s  obtained wi th  o ther  crops grown 
i n  t he  d ry  seaeon, f o r  example with sorghum grown i n  t he  dry summer 
season i n  I s r a e l  and wi th  sunflowers grown i n  t he  r a b i  season i n  Ind ia .  
One reason may be t h a t  t h e  square-planted p l an t s  s u f f e r  l e s s  competition 
a t  f i r s t ,  and t he re fo re  put on more vege t a t i ve  growth and consume more 
of t he  l imi ted  supply of s o i l  moisture than t h e  p l an t s  i n  rows; consequently 
they s u f f e r  more from moisture s t r e s s  during t he  reproduct ive phase and 
y i e l d  i s  reduced. 
